These experiments compare the ability to detect amplitude modulation (AM) and frequency modulation (FM) with the ability to discriminate AM from FM, using 10-Hz sinusoidal modulation of a 1000-Hz carrier. Initially, psychometric functions were measured for the detection of AM and FM alone, using a two-alternative forced-choice (2AFC) task. In experiment 1, pairs of values of AM and FM were selected that would be equally detectable, and psychometric functions were measured for the discrimination of AM from FM, again in a 2AFC task. Values of d' for discriminating AM from FM were always lower than the values of d' for detection of the AM or FM. When the detectability of the AM and FM was low (d' =0.66), two subjects were essentially unable to discriminate AM from FM. This was true both for stimuli presented in quiet and for stimuli presented with continuous noise chosen to mask either the lower or the upper side of the excitation pattern. In experiment 2, subjects were again required to discriminate AM from FM, but the AM depth was fixed within a block of trials, while the FM depth was varied across trials. The discriminability of AM from FM did not show distinct minima at specific FM depths. Again, this was true both for stimuli presented in quiet and for stimuli presented with continuous noise chosen to mask either the lower or the upper side of the excitation pattern. This result suggests that the discrimination of AM from FM was not based on monitoring just one side of the excitation pattern of the carrier. The overall pattern of results is consistent with an excitation pattern model that assumes that modulation detection is based on a nonoptimal summation of information from all supra-threshold parts of the excitation pattern of the carrier. The discrimination of AM from FM probably requires a comparison of changes in excitation level on the two sides of the excitation pattern, and this leads to lower d' values than for modulation detection.
INTRODUCTION
In a series of earlier papers Sek, 1992, 1994 ; Sek and Moore, 1994) , we have examined the question of whether amplitude modulation (AM) and frequency modulation (FM) are coded by a single underlying mechanism, or by different mechanisms (for a review of the background to this question, see Moore and Sek, 1992) . The idea that AM and FM are coded by a single mechanism was proposed by Zwicker (1956 Zwicker ( , 1970 and by Maiwald (1967) . They suggested a model based on the concept of the psychoacoustical excitation pattern, which can be defined as the output of the auditory filters as a function of center frequency Glasberg, 1983, 1987) . Their model assumes that changes in either amplitude or frequency are detected by monitoring the single point on the excitation pattern that changes most; this is equivalent to monitoring a single auditory filter. Sek (1992, 1994) found that the ZwickerMaiwald model did not correctly predict the detectability of combined AM and FM (mixed modulation, MM). They proposed a modified excitation pattern model which assumes that detection is based on an unweighted sum of decision variables across all channels (all regions of the excitation pattern) that are above threshold and that have a positive signal-to-noise ratio; we refer to this model as the nonoptimal model, since the subjects are assumed not to weight the information in each channel in a optimal manner (in contrast to the multichannel model evaluated in Moore and Sek, 1992). This model was able to account reasonably well for changes in the detectability of MM as a function of modulator phase, both for stimuli presented in quiet, and for stimuli presented with noise designed to mask selectively either the lower or the upper side of the excitation pattern.
It remains unclear whether other aspects of modulation perception are consistent with this excitation-pattern model.
Consider the task of deciding whether a carrier is frequency or amplitude modulated. In terms of excitation-pattern models, identification of the type of modulation requires comparison of the modulation in excitation level on the high-and low-frequency sides of the pattern. Two types of comparisons might be made: comparison of modulation phase and comparison of modulation magnitude. If the modulation is in phase on the two sides of the pattern, this indicates that AM is present. If the modulation is in opposite phase on the two sides of the pattern, this indicates that FM is present. If the modulation is larger on the high-frequency side of the pattern, this indicates that AM is present (Zwicker, 1970) . If the modulation is larger on the low-frequency side of the pattern, this indicates that FM is present (Zwicker, 1970) . If subjects do compare the modulation on the two sides of the pattern, this should lead to worse performance than when information is simply summed across all channels, so identification of modulation type should be worse than detection of modulation.
Some results of Demany and Semal (1986) suggest that this is not always the case. In one of their experiments, subjects were presented with an unmodulated stimulus in one interval of a forced-choice trial, and a modulated stimulus (either AM or FM) in the other interval; the type of modulation was chosen randomly on each trial. Subjects were required both to detect the modulation (i.e., to indicate which interval of a forced-choice trial contained the modulated carrier) and to identify the type of modulation (AM or FM). When the modulation frequency was very low (1.67 Hz), detection performance was roughly equal to identification performance. At higher modulation rates detection tended to be better than identification. Thus the results of Demany and Semal (1986) for low-modulation rates are hard to reconcile with the nonoptimal multichannel model.
The experiments reported here re-examine some of the issues raised by the study of Demany and Semal (1986); specifically, we wished to examine the relationship between the detectability of modulation and the ability to discriminate one type of modulation from the other. However, we used a different method. The interpretation of the results of Demany and Semal is complicated by several factors. First, when the type of modulation was randomly selected on each trial, subjects had to make two decisions; which interval contained the modulated signal, and what type of modulation was it? As pointeel out by Demany and Semal, this increased the "mental load" of the task relative to the more usual forced-choice task. For one of their three subjects, detection performance was worse in this case than when the type of modulation was fixed within a block of trials, and this was attributed to the increased mental load. As a result of the mental load, subjects may have devoted more effort and/or attention to the first decision (detection) than to the second (identification). Another problem is that the identification judgements (decid-•ng whether AM or FM was present) may have been affected by response biases. In pilot experiments partially replicating the study of Demany and Semal, we found rather strong biases; our subjects tended to have a bias toward saying "FM." Demany and Semal attempted to allow for possible biases by combining identification results for AM and FM, but it its not clear how effective this procedure was. Finally, the detectability of the AM and the FM was not explicitly matched. Rather, the modulation depths for AM and FM were varied from trial to trial according to an adaptive tracking procedure. This meant that at some points in a run the AM would have been more detectable, and at other points the FM would have been more detectable.
we avoided these problems in the following way. We started by measuring psychometric functions for the detection of AM and of FM. We then selected pairs of sounds, one amplitude modulated and one frequency modulated, for which the modulation was equally detectable, and we used those stimuli in a two-alternative forced-choice discrimination task; subjects had to discriminate the order "AM then FM" from the order "FM then AM". This procedure maintains a consistent mental load across tasks; only one decision is required on each trial. Further, the used of a forced-choice task reduces response biases. Initially, psychometric functions were measured for the detection of AM and FM alone, using a two-alternative forced-choice (2AFC) task; these data were gathered in the course of an experiment that is fully described in Moore and 
Stimuli
The carrier was a sinusoid with frequency= 1000 Hz and level 70 dB SPL. The overall intensity was held constant regardless of modulation depth, to prevent detection of modulation on the basis of a change in overall intensity. The modulator was a sinusold with frequency=10 Hz. The signals were digitally generated using a Masscomp 5400 computer system via 16-bit digital-to-analog converters (DAC, Masscomp model DA04H) at a sampling frequency of 10 kHz. The output of the DAC was low-pass filtered (Kemo VBF8/04, 90 dB/oct) with a cutoff frequency of 4 kHz. For Three sets of conditions were run. In one, the stimuli were presented in quiet. In the other two, the stimuli were presented in continuous background noise designed to mask either the lower or the upper side of the excitation pattern of the signal. The spectra and levels of the noises were chosen to mask as much as possible of one side of the pattern while having a minimal effect on the the other side. In practice, this meant that a small region on either side of the tip of the pattern always remained unmasked. The characteristics of the noises are fully described in Moore and Sek (1994).
Subjects
Three subjects with normal hearing at all audiometric frequencies were used. One was author AS. The other two subjects were paid for their services. All subjects had extensive experience in modulation detection tasks.
B. Results
The psychometric functions for the detection of modulation are presented in Moore and Sek (1994, Figs. 4-6), and the reader is referred there for details. The psychometric functions were well described as straight lines when plotted as a function of the modulation index squared, and the slopes of the best fitting lines are given in Table I ; the lines were constrained to pass through the origin. These fitted lines were used to select the equally detectable amounts of AM and FM.
Psychometric functions for the discrimination of type of modulation are shown in Fig. 1 . Each panel shows results for one subject. Within each panel, the three curves represent the three conditions: without noise (squares), with low-band noise designed to mask the low-frequency side of the excitation pattern (circles), and with high-band noise designed to mask the high-frequency side of the excitation pattern (triangles). For each condition, the modulation depths were those appropriate for that condition. For example, the modu- true for all three subjects in all three conditions. In other words,, subjects could discriminate the type of modulation at the higher modulation depths, but discrimination performance was worse than detection performance. This is consistent with the results of Demany and Semal (1986) at the highest modulation frequency used by them (15 Hz). There was not a clear ordering of discrimination performance across conditions, although there was a slight trend for worse performance with the low-band noise. At first sight, this appears to contradict the idea that discrimination of the type of modulation depends on a comparison of the modulation in excitation level on the two sides of the excitation pattern. One would expect that the ability to make this comparison would be markedly impaired by the presence of the low-band or high-band noise. However, two factors should be borne in mind. First, the modulation depths used (for a given detectability of the AM or FM) were markedly greater when noise bands were present than when they were absent. Second, the noises were not completely effective in masking one side or the other of the excitation pattern; a small region adjacent to the tip of the pattern was always unmasked (see Fig. 3 In discussing the results of experiment 1, we assumed that subjects determined the type of modulation (AM or FM) by comparing the phase or magnitude of modulation on the two sides of the excitation pattern. However, it is possible that, in the discrimination task used in experiment 1, subjects simply based their judgements on the magnitude of modulation on one side of the excitation pattern. When a sinusold is amplitude modulated, the largest changes in excitation level occur ,on the high-frequency side of the pattern, owing to the nonlinear growth of excitation on that side. When a sinusold is frequency modulated, the largest changes tend to occur on the low-frequency side of the pattern, where the slope is steeper. For a given value of detectability of the modulation, the amount of modulation on each side of the excitation pattern would have been different for AM and FM; the modulation on the high-frequency side would have been greater for AM, while the modulation on the low-frequency side would have been greater for FM. Experiment 2 was performed to (letermine whether subjects discriminate the type of modulation on the basis of the amount of modulation on one side ot' the excitation pattern. Like the first experiment, it used a 2AFC task in which subjects were required to discriminate the: order "AM then FM" from the order "FM then AM." However, in experiment 2, the modulation depth for AM was fixed at one of two values for each subject (the values giving d' of 1.5 and 2.5), and discrimination performance was measured as a function of the modulation depth for FM. If subjects monitor just one side of the excitation pattern, there should be some value of the modulation depth for FM at which the amount of modulation in excitation level on that side of the excitation pattern is almost equal for the two types of modulation. At that value, discrimination performance should be poor. In other words, the discriminability of AM from FM should show a distinct minimum at a certain FM depth. As in experiment 1, the experiment was conducted both in quiet and in the presence of two types of noise, one designed to mask the upper side of the excitation pattern and the other designed to mask the lower side.
B. Method
The method of stimulus generation, stimulus levels and timing, and the subjects were the same as for experiment 1. The psychometric functions fitted to the detection data (Table  I) This was also true for subject LB when high-band noise was present. In other words, the context in which the stimuli were presented had a small effect. Consider first the results obtained in quiet (Fig. 2) . Apart from a "dip" in the results of subject LB for the lower range of FM depths, when d^M = 2.5 and dFM = 2.0, there is no evidence for minima in the functions at particular values of the FM depth. Performance was generally better for the higher AM depth, and CL showed a trend for discrimination performance to worsen with increasing FM depth. The pattern of results in the condition with low-band noise (Fig. 3) was generally similar, except that overall performance was worse. There was no sign of miniran at particular FM depths. Performance for LB and AS was poor for all values of FM depth, with most d' values below 0.5. Thus, these subjects had considerable difficulty distinguishing the AM from the FM, even at modulation depths where the detectability of the modulation was relatively high. The pattern of results in the condition with high-band noise (Fig. 4) the AM stimuli. However, the cue may have been used when one of the stimuli in a pair sounded almost unmodulated; the more modulated stimulus would have been judged as the amplitude modulated stimulus. This cue clearly was not used by subject LB in the condition with high-band noise. In this condition, she performed very poorly at low FM depths, but discrimination improved with increasing FM depth. At the higher FM depths, it seems likely that discrimination for all subjects was based on comparison of changes in excitation level on the two sides of the excitation pattern, rather than on the overall amount of modulation.
III. CONCLUSIONS
(1) For a 10-Hz modulation rate and a l-kHz carrier, the ability to discriminate AM from FM, using stimuli where the detectability of the AM and FM was equated, was poorer than the ability to detect the modulation. When the detectability of the AM and FM was low (d'=0.66), two subjects were essentially unable to discriminate AM from FM. This was true both for stimuli presented in quiet and for stimuli presented with continuous noise chosen to mask most of the lower or the upper side of the excitation pattern.
(2) When the AM depth was fixed, and the FM depth was varied, the discriminability of AM from FM did not show distinct minima at specific FM depths. Again, this was true both for stimuli presented in quiet and for stimuli pre- •Moorc and Sek (1994) suggested that excitation patterns may actually be sharper than calculated by the program of Glasberg and Moore (1990) . If this is the case, then the noise would have had even less effect on the tip of thc excitation pattern evoked by the signal.
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